Introduction
Ramadan is actually the name of a month in the Muslim calendar. Ramadan is a basic principal of Islam that involves fasting from down to sunset for one lunar month. During Ramadan, adult and healthy Muslims are required to refrain from taking any food, beverages, or oral drugs as well as from sexual intercourse between dawn and sunset. Ramadan can occur in any of the four seasons and the hours spent fasting may change very accordingly from 11 to 18 h a day.
During this month, usually two meals are eaten a day. The first meal might be taken immediately after Seizure (2008) Summary During Ramadan, the ninth month of the Islamic lunar calendar, adult Muslims are required to refrain from taking any food, beverages, or oral drugs, as well as from sexual intercourse between dawn and sunset. In this study, we aimed at discovering alterations in drug regimens and the seizure frequency of epileptic patients during Ramadan (15 October 2004 -13 November 2004 ). In the 3 months following Ramadan in the year 2004, 114 patients with epilepsy who were fasting during Ramadan were examined at our Epilepsy Department. Of the 114 patients who were included in the study, 38 patients had seizures and one of these patients developed status epilepticus during Ramadan. When the seizure frequency of these patients during Ramadan was compared to that in the last 1 year and last 3 months period just prior to Ramadan, a statistically significant increase was observed ( p < 0.001). Moreover, there was an important increase in the risk of having seizures in the patients who changed their drug regimens compared with those who did not ( p < 0.05). In the patients who received monotherapy or polytherapy, no difference in the frequency of seizures during Ramadan was seen ( p > 0.05).
During Ramadan, an increase in the seizure frequency of patients with epilepsy was observed. The most important reason for this situation was the alteration in the pharmacokinetics and pharmacodynamics of drugs, and consequently, in their efficacy. We believe that in the patients who received monotherapy and who did not change their drug regimes, the increase in seizure frequency may have been related to the changes in their daily rhythms, emotional stress, tiredness and their day-long fasting. # 2008 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved. sunset and it is called iftar. And before dawn, people wake up to have a meal called sahur and thus to prepare themselves for fasting. So, lifestyle and circadian rhythms change during Ramadan.
According to the Islamic rules, young children who have not reached the age of puberty, menstruating women or women who are still breast-feeding, the chronically ill, elderly people, the insane and the travellers are exempt from fasting during Ramadan.
Previous studies have revealed the effects of Ramadan fasting on complications of gastrointestinal system, coronary heart disease, diabetes mellitus and circadian rhythms. The relation between seizure frequency and Ramadan fasting has not been investigated clearly yet. In this study, we aimed to discover whether Ramadan fasting has a negative effect on epileptic patients.
Patients and methods
This prospective study was designed to determine the frequency of seizures in patients who were fasting during Ramadan. This study, conducted at the Ministry of Health Ankara Training and Research Hospital, Epilepsy Department of Neurology, included consecutive 114 patients who were followed at least 1 year in every 3 months, periodically, before Ramadan in the year 2004 (15 October 2004 -13 November 2004 . Seizure frequency was recorded by the same neurologist every 3 months in a structured questionnaire and seizures per month were calculated. Seizure frequency during Ramadan was determined in the first periodical control after Ramadan. Detailed neurological examinations, neuroimaging and EEG findings, seizure history, change in drug regimes and sleep alterations during Ramadan were recorded for each of the 114 patients. Sixty-two patients (54.4%) were female and 52 (45.6%) were male. Mean age of patients was 31.6 (age range: 16-77). One hundred and five of 114 patients had normal neurological examination while 9 were abnormal. Seventy-two of 114 patients had cranial magnetic resonance imaging (MRI) and others had cranial computerized tomography (CT) scan. Thirty-three of 114 patients had abnormal neuroimaging data while 81 patients had normal data. All patients had electroencephalography (EEG) in the 6 months before Ramadan. Seventy-two of 114 patients had epileptiform abnormality or diffuse cerebral dysfunction on their EEGs while 42 had normal EEG findings. The age at the beginning of seizures was between 1-62 (21.1 AE 13.4). Types of the seizures are shown in Table 1 .
The seizure counts of the patients at initial admission to our hospital were compared with their seizure counts during the follow-up period at our center just prior to Ramadan. We found out that 55 patients (48.2%) were seizure free (Group I), 48 patients (42.2%) had !50% seizure reduction (Group II), and 11 patients (9.6%) had <50% seizure reduction (Group III) under the favourable antiepileptic treatment at 1-year-long regular follow-up in our department as shown in Table 2 .
Eighty-four of 114 (73.7%) patients received monotherapy and 30 of them (26.3%) received polytherapy. Of the 84 monotherapy patients, 45 received valproic acid, 15 received fentoin, 14 patients received carbamezepine, 6 patients were given oxcarbazepine and the last 4 patients received lamotrigine. Of the 30 polytherapy patients, 23 received two antiepileptic drugs and 7 patients received a combination of three antiepileptic drugs
The number of seizures they had over the last year before Ramadan was determined and that number was divided by 12 to calculate the monthly seizure frequency. The same method was also used for the last 3 months before Ramadan to have more sensible results. These averages (that of the 1-yearlong period and that of the 3-month period just before Ramadan) were compared with the frequency of seizures during Ramadan. Statistical analysis was carried out using statistical package for 672 Y.B. Gomceli et al. social sciences (SPSS 11.0 for windows; SPSS, USA). Independent sample t-test was used. p-Values less than 0.05 were accepted as significant.
Results
In their 1-year follow-up, the seizure frequency of these 114 patients was 0-28 (3.8 AE 7.7)/month. None of these patients stopped their treatments while 69 patients (60.5%) changed the administration schedule according to the times of iftar and sahur. However all of the patients in this study reported taking the same treatment regimensame drugs and same doses -before and during Ramadan. Forty-five of 114 (39.5%) patients who were receiving a single dose of valproic acid monotherapy did not change drug regimes. Sleep duration of 106 patients was less than 6 h during Ramadan while it was more than 7 h before Ramadan. Eight patients did not have any changes in their sleep duration during Ramadan. Since they woke up at the time of sahur, all patients had sleep fragmentation during Ramadan.
Of the 114 patients who were included in the study, 38 patients (33.3%) had seizures during Ramadan. When the seizure frequency of these patients during Ramadan was compared to that of the last 1-year-long period, a statistically significant increase was observed in seizure frequency ( p < 0.001). The seizure frequency of these patients was also compared with that of the last 3 months prior to Ramadan for better analyses and a statistically significant increase was observed also in their seizure frequency ( p < 0.001). Among these 38 patients, 4 of them were seizure free (Group I) during the 1-year follow-up before Ramadan fasting. Another patient, who was classified in Group II and received monotherapy, had status epilepticus during Ramadan. This patient had only three seizures in his last 1-year follow-up.
The seizure frequency distribution of 38 patients who had seizures during Ramadan is illustrated in Table 3 according to the classification of the groups.
Group III had the most frequent seizures during Ramadan just like the situation in their 1-year follow-up before Ramadan. However, when compared with Group I ( p < 0.001), during Ramadan, there was a statistically significant increase in the seizure frequency of Groups II and III.
In addition, compared with those who continued their drug regimens, there was an important increase in the risk of having seizures in the patients who changed their drug regimens ( p < 0.05). In nine patients who had seizures during Ramadan and were taking valproic acid monotherapy, seizure frequency increased even though they had not changed their drug regimen. In the patients who received monotherapy or polytherapy, no difference in the frequency of seizures was seen during Ramadan ( p > 0.05). There was no statistically significant increase in the seizure frequency in patients with or without abnormal EEG findings or abnormal neuroimaging data while 114 patients were evaluated ( p > 0.05). In addition, there was no statistically significant difference in the frequency of seizures of male or female patients during Ramadan, either ( p > 0.05). Of the 38 patients who had seizures, 15 (39.5%) gave up fasting after the occurrence of a seizure while 23 (60.5%) continued fasting.
Discussion
A literature review reveals that Ramadan fasting leads to health complications, such as peptic ulcer, 1 diabetes mellitus, 2-4 coronary heart disease, 5 and stroke, 6 which have been investigated before. The effects of Ramadan fasting on epileptic patients was investigated by Al Mahdavi, but changes in neither seizure frequency nor seizure susceptibility could be clearly determined. 7 Thirty-five epileptic patients were included in their study, and they classified the patients who broke the Ramadan fasting as 'failure to fast Ramadan' and who those were able to continue Ramadan fasting as 'Succeeded to fast Ramadan'. The best results were observed in those who had normal neurological examinations and normal EEG records before the fasting period. The author suggested that those patients were more sensitive to epileptic seizures due to a lower seizure threshold. Nevertheless, this study did not discuss the exact frequency of seizures during Ramadan. Our study confirmed that the seizure frequency of epilepsy patients increased during Ramadan. This increase observed in seizure frequency was probably due to changes in drug intake patterns, decrease in sleep duration and/or its fragmentation, long-term fasting, emotional stress and tiredness. Changing drug regimen seems to be the most important reason for the increase in seizure frequency during Ramadan. Even though the drug doses given to patients were the same as before Ramadan, there was an important increase in the risk of having seizures in the patients who changed their drug regimens when compared with those who did not change. In our study, 38 patients had seizures during Ramadan, and 29 (76.3%) of them had changed their drug regimens according to the times of iftar and sahur. During Ramadan, accurate distribution of drugs prescribed twice a day is difficult to achieve between the break from fasting (iftar) and beginning of fasting (sahur) as the dosing time and time span between the doses are altered. These alterations could affect the drug's plasma concentration profile and, therefore, its efficacy and tolerance. Furthermore, drug-food interactions may result in reduced, delayed or increased systemic availability of a drug. The degree of interaction and whether it affects drug absorption positively or negatively depends on several factors, including the physical and chemical nature of the drug, the formulation, the type of meal, and the type of interval between eating and dosing. The last two factors could have an enhancing effect during the month of Ramadan as the rhythm and composition of meals are modified. 8 In Turkey, the first meal after sunset (iftar) contains an important amount of fat and carbohydrates while the second meal before sunrise (sahur) is a breakfast-like meal. We think that the quality of foods has also an influence on the absorption of these drugs. However, in nine patients (23.7%) with a monotherapy of valproic acid (single evening dose), seizure frequency increased even though no change was made to their drug regimen. Fasting at daytime, modifications in sleep schedule and social habits are elements that can induce changes in the circadian patterns of a number of hormones. These longlasting modifications have caused a phase delay in many biological rhythms. 9 Thus, circadian rhythm has to be considered as an important factor that influences drug pharmacokinetics. This way, variations in day and night cycle may affect drug effects or side effects. Aadil et al. have investigated the pharmacokinetics of valproic acid in 12 healthy volunteers and showed a significant influence of the alterations in life rhythm and administration schedule on the pharmacokinetic parameters of this drug. In addition to the delayed absorption phase for the 8 p.m. intake during Ramadan, the primary impairment was a significant decrease in the plasma elimination half-life for the 5 a.m. intake compared with the same intake time outside Ramadan. The most probable explanation for the delayed absorption during Ramadan could be linked to the changes in the circadian rhythm of gastric pH. Also, they have concluded that decrease in the plasma elimination half-life could be the result of the reversal of the feeding rhythm and the alteration in the rest/ activity cycle could modify the circadian evolution of physiological parameters that are required for hepatic metabolism such as hepatic enzymatic activity and hepatic blood flow; thus changes in the hepatic metabolism of drugs were seen. 10 We believe that these pharmacokinetic changes are very important in the increase of the seizure frequency of our patients who received a single evening dose valproic acid treatment.
Sleep is one of the best documented factors influencing the occurrence of seizures and interictal discharges. 11 Sleep deprivation is a well-known seizureprecipitating factor, so quality sleep is essential for patients with epilepsy. 12, 13 For secondary prevention of epilepsy to avoid disturbance of the sleep-wake cycle, especially, the reduction of sleep is significantly helpful.
14 In an epidemiological study, the bedtime sleep of 264 young adults was significantly decreased during Ramadan. 15 In our study, 106 of 114 patients had reduction in sleep and all of them had sleep fragmentation during Ramadan. The proportion of non-rapid eye movement (NREM) sleep increased during Ramadan, particularly at stage 2, which represents the light sleep and deep sleep (slow-wave sleep) duration; however, rapid eye movement (REM) sleep duration decreased. 16 Both NREM sleep and drowsiness after awakening from NREM sleep are conductive to electrographic and clinically evident seizures, whereas REM sleep is not. 17, 18 Epileptic discharges are mostly focal during REM. 19 We think that decrease in sleep duration and its fragmentation and also the increase in NREM sleep during Ramadan have affected the increase in the seizure frequency of our patients. Patients with Juvenile Myoclonic Epilepsy (JME), and some other types of epilepsy syndromes are very sensitive to sleep disturbance. In our study, only five JME patients were included. Unfortunately, the number of the patients in our study was not sufficient enough to be compared to the number of the patients of the other types of seizures for a statistical analysis.
Hypernatremia or hyponatremia, hypocalcaemia, and hypoglycaemia can provoke seizures in patients with or without epilepsy. 20 Decreased food intake is a well-known risk factor for the development of hypoglycaemia. Few studies have shown the effect of Ramadan fasting on serum glucose. [21] [22] [23] One study has shown a slight decrease in serum glucose in the first days of Ramadan, followed by normalization by the 20th day and a slight rise by the 29th day of Ramadan. 24 The lowest serum glucose level in this study was 63 mg/dl. Others have shown a mild increase or variation in serum glucose concentration. 22, 24 Limitation of fluid intake during the fast, especially if prolonged, is a cause of dehydration, thus of hypernatremia. All of these metabolic changes may be related to the increasing seizure frequency during Ramadan.
The other seizure-precipitating factors, emotional stress 12, 14, [25] [26] [27] and tiredness, 12, 25, 26 were identified in many reports. Kadri et al. have investigated irritability during the month of Ramadan in 100 healthy male volunteers. 28 They have demonstrated that the irritability increased continuously during Ramadan and reached its peak at the end of the month. Another study has also reported a decrease in mood rating scales. 29 At this point, we believe that increase in irritability and decrease in mood rating might be the result of emotional stress and thus may facilitate seizure activity. In a previous study, 750 adult patients were investigated with respect to behavioural changes, nutritional habits and energy level in Ramadan. During fasting period, that is, from dawn to sunset, 34.3% of the subjects developed some behavioural disturbances, such as feeling tired and being unwilling to work. 30 So, tiredness might be another factor responsible for increasing seizure frequency in our patients.
In conclusion, we found that during Ramadan, in patients with epilepsy there was an increase in seizure frequency even though they did not change their drug regimes. Change in drug intake patterns, decrease in sleep duration and/or sleep fragmentation, emotional stress and also tiredness, either separately or all together, influence the occurrence of seizures during Ramadan fasting. So, physicians must explain to their Muslim patients the effects of fasting on their seizures.
